In vitro tests of 132 strains of Staphylococcus aureus, among which were 38 (28.7%) heteroresistant strains, were performed with 14 commonly used antibiotics, including gentamicin and vancomycin. Heteroresistant strains were found predominantly, but not only, with group 3 phage-typable strains; no heteroresistant strain was found in out-patients. Gentamicin appeared as a uniformly effective agent at low concentrations against oxacillin-sensitive and -resistant strains. It is suggested that gentamicin should be compared to vancomycin in future clinical therapeutic trials in severe staphylococcal infections, especially in cases due to oxacillin-resistant strains.
The susceptibility of pathogenic strains of Staphylococcus aureus has been reviewed recently in several institutions (1, 13 ). It appears that the incidence of antibiotic resistance among hospital-isolated staphylococci is decreasing (1, 6) ; however, heteroresistant strains were poorly represented in these series. The sensitivity to antibiotics of these heteroresistant strains has been studied (2, 4) , but their susceptibility to newer drugs such as gentamicin and minocycline, that are known to inhibit staphylococci in vitro, has not yet been fully investigated.
Heteroresistant strains of S. aureus may be important clinically and epidemiologically (7); they have been isolated predominantly in Europe until now, but it is possible that these strains will become more widespread elsewhere.
The present study was undertaken to obtain current data on the prevalence of various bacteriophage types Quantitative tests for susceptibility to antibiotics were carried out with the inocula-replicating method of Steers at al. (12) with Mueller Hinton agar containing twofold dilutions of antibiotic. The cultures were grown in Trypticase soy broth and used undiluted after overnight incubation at 37 C. The antibiotics used were penicillin G, oxacillin, cephalothin, cephaloridine, chloramphenicol, tetracycline, minocycline, doxycycline, kanamycin, gentamicin, erythromycin, lincomycin, novobiocin, and vancomycin.
The detection of resistance to oxacillin was performed with oxacillin-impregnated discs (2,ug) and SENSITIVITY OF STAPHYLOCOCCI 5% NaCl-agar (Mueller Hinton agar). The plates were inoculated with streaks of overnight broth cultures of the test organisms, and the paper discs were applied to the inoculated areas. The plates were incubated at 30 C.
All of the strains of S. aureus included in this series were also inoculated into broth containing oxacillin. Two-tenths milliliter of an undiluted overnight culture of the test organism was inoculated into 1 ml of Trypticase soy broth containing 50,ug of oxacillin. Tubes were incubated at 37 C and examined after 48 hr for the presence of viable staphylococci.
RESULTS
Tests for oxacillin resistance. With the exception of one, all of the 132 strains studied here gave may be assumed that this patient had also been infected originally with a heteroresistant strain. Among those strains detected as oxacillin-resistant by the 5% salt-agar test, 21 were able to grow in Trypticase soy broth containing 50 ,ug of oxacillin per ml. The use of the oxacillin disc on 5 %/-salt-agar at 30 C detected more strains resistant to oxacillin than the use of an oxacillincontaining medium (50 ,g/ml). Similar conclusions have been reached by other investigators regarding the detection of methicillin resistance (8) .
The relationship between the site of isolation and the recovery of heteroresistant strains is illustrated in Table 1 (Table 2) . Other reports have emphasized the frequency of heteroresistant strains in phage group three and among nontypable strains (1, 4) . This was not verified in this series with respect to nontypable strains; moreover, the relationship between the pattern of lysis and the frequency of isolation of heteroresistant strains could not be established significantly. Heteroresistant strains were represented by 11 strains in group three and by 8, 7, 5, and 7 strains in groups one, miscellaneous, mixed, and nontypable, respectively. No significant relationship could be found between the pattern of bacteriophage lysis and the site of isolation, but groups one and two were not represented among outpatients and only two (8%) strains belonging to group three were found in out-patients. The relationship between bacteriophage types and susceptibility to antibiotics will be discussed below.
Susceptibility to antibiotics. The sensitivity of 132 strains of S. aureus to 14 commonly used antibiotics is illustrated graphically in Fig. 1 . Of the accepted antistaphylococcal drugs, oxacillin and cephalothin were the most active antibiotics and minocycline was the most active of the three tetracyclines tested. None of these strains was inhibited by less than 1.5,ug of penicillin G per ml.
The median inhibitory concentrations (MIC) found in this series were approximately similar to those observed by Barrett and co-workers (1) OXACILLIN-RESISTANT STAPHYLOCOCCI MINIMUM INHIBITING CONCENTRATION pG/ ML   FIG. 3 . Antibiotic spectrum of oxacillin-resistant staphylococci. VOL. 22, 1971 with the exception of. erythromycin and tetracycline which were much less active here. Moreover, for all of the antibiotics we found a much more marked variation in the susceptibility of our strains. It has been reported that factors in media may be responsible for differences in MIC (13 reported by Hoeprich (9) ; it was the most active drug in our study, and 100% of the strains were inhibited by 0.15 ,ug of gentamicin per ml.
Staphylococci that have been isolated from out-patients exhibited a pattern of sensitivity to the various antibiotics tested similar to that described for the whole group (Fig. 2) . On the   FIG. 4   FIG. 4, 5, and 6 . Relationiship between results of bacteriophage typing and susceptibility to antibiotics.
on September 27, 2017 by guest http://aem.asm.org/ Downloaded from other hand, oxacillin-resistant staphylococci were much more resistant to the antibiotics used (Fig. 3) . The bacteriostatic range for oxacillin against these strains extended from 3 Ag/ml to 50 ,g/ml and was quite similar to that of cephalothin, illustrating the cross-resistance between penicillinase-resistant penicillins and cephalosporins for these strains.
Novobiocin, gentamicin, and vancomycin were the most active drugs against oxacillin-resistant strains and inhibited 100% of them within a narrow range of concentrations which can be easily reached in the blood stream. Our data are in accordance with previous reports (2, 4) showing that novobiocin is highly effective in vitro against these strains and that vancomycin might well be the drug of choice; moreover, our studies suggest that gentamicin might prove to be a valuable therapy for infections caused by oxacillin-resistant staphylococci.
The relationship between the bacteriophage types and the susceptibility to antibiotics of the staphylococci studied in this series is illustrated in Fig. 4, 5 , and 6. The median MIC values of penicillin G, oxacillin, novobiocin, minocycline, cephalothin, kanamycin and gentamicin were approximately the same, regardless of the bacteriophage type. On the other hand, the median MIC varied more widely for cephaloridine and vancomycin in the various bacteriophage groups. Strains belonging to group 3 and to groups 81, 187, and 88 were more resistant to these two antibiotics. groups. It has been reported that methicillinresistant staphylococci are chiefly involved in hospital-acquired infections (2) . In the present study, no heteroresistant strain has been isolated from out-patients, suggesting again that the selective pressure of antibiotics within the hospital may be the major contributing factor to the emergence of oxacillin-resistant staphylococci.
It has also been reported that vancomycin may be the best antimicrobial agent for treatment of infections due to staphylococci that are resistant to semisynthetic penicillinase-resistant penicillins (4). Our in vitro data are in accordance with these conclusions. However, it should be pointed out that gentamicin was, in this study, more active on both oxacillin-sensitive and oxacillin-resistant staphylococci.
Gentamicin has been used successfully in the treatment of serious staphylococcal infections (10 
